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Abstract 
While exertion games - digital games where the outcome is determined by physical exertion - are of 
growing interest in HCI, we believe the current health and fitness focus in the research of exertion 
games limits the opportunities this field has to offer. In order to broaden the agenda on exertion games, 
we link the existing fields of sports and interactive entertainment (arguing these fields have much to 
offer) by presenting four of our own designs as case studies. Using our experiences with these designs 
we highlight three key strategies to guide designers in the creation of richer exertion game experiences: 
designing a temporal trajectory through games with reference to the way exertion changes over time, 
designing for the inevitable and not necessarily negative effects of pain in exertion games, and designing 
for the highly socially situated nature of exertion gaming.  
Keywords 
Exertion; games; exertion games; sport; entertainment; play 
 
1. Introduction 
Exertion gaming – digital gaming where the outcome is determined by physical exertion – is of growing 
interest in HCI. Exertion games combine elements of physical activity as known from sports with 
interactive entertainment, particularly computer gaming (Mueller et al., 2011). This article examines the 
relationship exertion gaming has with both sports and interactive entertainment, exploring what we can 
learn from both areas in order to broaden the agenda for exertion games.  
In our opinion, exertion gaming research has so far rather narrowly focused on health objectives, 
particularly energy expenditure, often fuelled by grant objectives targeting the obesity epidemic. For 
example, many papers focus on measuring the energy expenditure of players engaging with the Kinect 
and Wiimote controllers in order to determine if they are “as good as” traditional sports activities 
(e.g.(O’Donovan et al., 2012; Whitehead et al., 2010)). We believe that this can set up the expectation 
that people engage in sports, as well as exertion games, only for energy expenditure reasons. (If this 
were true, everyone would run marathons and nobody would play golf.)  
In contrast, we believe that sports, interactive entertainment and exertion games can complement and 
learn from each other: after all, they all involve “games” (see Juul (2003) for an overview of definitions 
of “game"), and all have “play” at their core (using Suits’ (1977) broad definition of play as activities 
where players voluntarily challenge themselves via unnecessary obstacles). This article sets out to 
articulate a broader exertion game agenda that goes beyond specific fitness objectives to support a 
wider range of human activities like bodily play (Márquez Segura et al., 2013). In particular, we believe a 
broader perspective can a) help exploring the opportunities exertion games have to offer, b) aid in 
enriching exertion games, c) assist in addressing relevant issues in exertion game research, and d) 
improve the design of exertion games. 
Several prior works offer theoretical accounts on exertion games: these works focus on different views 
of the human body from an augmenting sensing perspective (Mueller et al., 2011), the experience of 
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engaging in pleasant movements (Márquez Segura et al., 2013), insights from traditional dance applied 
to movement-based games (Loke and Robertson, 2010), guidelines on how to design movement based 
games (Mueller and Isbister, 2014), motivations to do more exercise (Yim and Graham, 2007) and 
applying behaviour change models to motivate exertion (Consolvo et al., 2008). These prior 
investigations point towards the benefits of taking a wider view of exertion gaming that connects to 
other disciplines. In this paper, we explore the relationship of exertion games to sports and play, in 
order to consider the relevance of these disciplines to exertion game design. 
While there is a growing body of theoretical work in this field, there is a shortage of research that 
combines critical perspectives from sports and entertainment. This article aims to bring together and 
expand these views by synthesizing theoretical perspectives and practical experiences to create a 
broader agenda for the design of exertion games. We are inspired by previous works that identified a 
trend towards more body-centric design perspectives, such as Klemmer et al.’s “How Bodies Matter” 
(Klemmer et al., 2006) and Dourish’s “Embodied Interaction” (Dourish, 2004). In this tradition, we first 
present our critique of the current state of exertion game design and research, followed by a set of 
strategies for designers to consider when creating new systems, to offer inventors and futurists 
designer-oriented handles for where to start in contributing to this expanded exertion games agenda.  
2. Incorporating Sports and Play into Exertion Games 
In this section, we briefly present an overview of the work that we will be referring to throughout the 
article. Looking at current HCI work on exertion gaming, much of it focuses on in some way on energy 
expenditure. How much energy expenditure exertion games promote in their players has been studied 
in many ways, such as by augmenting existing game mechanics with exertion based bonuses or penalties 
(Berkovsky et al., 2012; Chatta et al., 2015; Hassan et al., 2012), creating games for school physical 
education classes (Keskinen et al., 2014; Macvean and Robertson, 2013), replacing conventional input 
devices with exertion based gestural control (Guo and Quarles, 2012), studying how much energy 
existing exertion games require to play (Chen et al., 2014; O’Donovan et al., 2012; Whitehead et al., 
2010), and how one might motivate people to play exertion games more often (Macvean and 
Robertson, 2013; Nunes et al., 2014; Yim and Graham, 2007).  
Further to this, there is literature on exertion as it relates to sports and play, much of it external to HCI. 
In particular, sports and health sciences have much to say about why people choose to do exercise 
(Ingledew and Markland, 2008), how people move during exercise and how hard they are able to push 
themselves (Ben Abdelkrim et al., 2007; Fernandez-Garcia et al., 2000), subjective aspects of exercise 
such as pain, fear and thrill (Addison et al., 1998; Benedetti et al., 2013; Jirásek and Hurych, 2012; Self et 
al., 2007), what effect exercise interventions have on people’s overall lifestyle (Frémeaux et al., 2011), 
and also studies of the social aspects of sporting behaviour (Delamont and Petrone, 2010). Health 
researchers have also presented longer term studies specifically focusing on exertion gaming 
(Baranowski et al., 2012; Owens et al., 2011). Gaming and play researchers have also discussed much 
that is relevant to exertion gaming, such as how to effectively create a temporal trajectory in a game 
(Bleszinski, 2000; Wesołowski, 2009), the purpose of failure in games (Juul, 2009) and broader 
philosophical questions such as why people choose to play games (Rigby and Ryan, 2011), and what 
actually defines gaming or play experiences (Juul, 2003; Suits, 1977). 
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As well as exercise-quantity focused research, there are also examples of exertion game research 
projects that are driven not by a desire to increase exercise quantity, but more by using exertion 
primarily as part of game design. For example, Nenonen et al.’s (2007) Pulse Masters Biathlon uses heart 
rate and synchronised ‘skiing’ actions to control the action of a two-part skiing then shooting game, the 
2nd author’s Hanging Off a Bar (Mueller et al., 2012a), creates a game in which players must hang their 
body weight off a bar for increasing amounts of time, and MobyDick (Choi et al., 2014), which uses 
swimming strokes as input to a multi-player game where 4 players must collaborate to battle a giant sea 
creature. There are also commercial exertion games, such as the full body dance game Dance Dance 
Revolution (Konami, 1998), and the genre of ‘rhythm’ games which followed that use increasingly fast 
series of dance moves as input. As well as games sensing body actions direction, pervasive games such 
as Human Pacman (Cheok et al., 2004) and the Rider Spoke cycling game (Rowland et al., 2009) often 
involve what Stanley et al. describe as ‘exercise as a byproduct of the activity’ (Stanley et al., 2010).  
In order to explore the synthesis of perspectives from sport and gaming into exertion gaming design we 
describe below 4 case studies from our own work, which we take as starting points for wider reflections 
throughout the article. 
The case studies were chosen from the work of our two labs because they started from different 
perspectives while blending different elements of sports and play, from augmenting of conventional 
sports for social and fitness purposes to a biosensor augmented physical amusement ride and a playful 
experience around running. By using these disparate case studies we aim to create an agenda for 
exertion games that is relevant to designers of a wide range of games and experiences. 
2.1 Copy Paste Skate: Augmenting a Street Sport 
Copy Paste Skate (referred to henceforth as CPS) (Pijnappel and Mueller, 2013) is an interactive 
skateboarding experience that supports the trick experience in skateboarding by offering feedback along 
three modalities that have previously been identified as key to the trick experience (Tholander and 
Johansson, 2010): visual, aural and haptic. 
Visual feedback is provided by a life-size still visualization showing the path of movement of the 
skateboard during the trick, projected onto a wall just behind the skater. Each subsequent visualization 
is projected on top of the previous one, with visualizations disappearing after 3 attempts. Directional 
microphones capture the audio produced during a skater’s trick attempt. The audio is then replayed at 
half the speed through large high-quality speakers to the skater and any bystanders. Right after 
completing or attempting a trick, custom-built flooring on which the skater performs vibrates based on 
the motions of the skateboard during the trick attempt. This offers a replay of the haptic experience felt 
during the trick attempt. Vibrations are produced by an audio transducer that takes the sensor input to 
create a vibration similar to the haptic experience felt by the skater, however, it is replayed shortly after, 
so that any by-standers, but also the skater can experience a haptic reminder of the trick again, 
complementing the original trick. As with the audio, the time of the haptic experience is slightly 
stretched in order to allow experiencing the haptic sensation over a larger amount of time, responding 
to the fast duration of a trick. Based on observations and interviews with skateboarders two key design 
dimensions emerged that highlight how designing for skateboarding means both supporting the 
execution quality of tricks as well as supporting the trick originality (Pijnappel and Mueller, 2013).   
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 Figure 1. Copy Paste Skate 
2.2 Jogging over a Distance: A Networked Social Fitness Activity 
In Jogging over a Distance (JoD) (Mueller et al., 2011, 2007), two jogging partners arrange to run at the 
same time, wearing stereo headphones, a microphone and a heart rate monitor. Before the run, users 
enter their preferred target heart rate, which stands for the physical effort they plan to invest based on 
their fitness levels and goals. While participants jog, their heart rate is sent to a server and then to the 
other jogger. Each jogger can hear the audio of their jogging partner. The participants’ heart rate in 
relation to their target heart rate affects the position of the audio moving round the jogger’s head from 
the front, to side-by-side and to the back depending on the difference of the relative heart rates. If the 
other jogger is “in front”, the sound appears to come from the front. The further “in front” the jogger is, 
the lower the volume of the audio becomes. When both joggers are at their target heart rate, they hear 
the audio at full volume as if they were running side-by-side. If one partner’s heart rate becomes greater 
relative to their individual target heart rates, she/he will hear the audio fall behind her/him, and his 
partner will hear the audio move ahead. This perceived “distance” between the pair increases with the 
difference in their target-relative heart rates. A study of JoD demonstrated how the system can facilitate 
a social experience despite the physical distance between the users, bringing together their individual 
exertion sessions into one shared experience (Mueller et al., 2010). 
 
Figure 2. Jogging Over a Distance 
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2.3 The Broncomatic: A Whole Body Entertainment Experience 
Broncomatic (Marshall et al., 2011b) is a modified bucking bronco ride, which is controlled by the rider’s 
breathing. This creates a feedback loop where the exertion of staying on top of the ride causes people to 
breathe more heavily, which in turn causes the ride to move faster. To stay on the ride, the rider has to 
both control his/her balance, and also keep control of the breathing so that they are not thrown around 
impossibly fast. If she/he fails, she/he is thrown off onto an inflatable mat. Over time the Broncomatic 
progresses through three difficulty levels, each increasing the intensity of the effect that the breathing 
has on the ride. Riders score points for how extreme a ride experience they have, based on how long 
they stay on, and how much they breathe, shown on a large public display next to the ride. Broncomatic 
is a combination of an existing physical game with digital technology that allows the game to respond to 
how the rider is experiencing the ride. This creates a new challenge compared to the pre-programmed 
ride sequences of the original ride.   
In studies of the Broncomatic, both first time and repeat riders reported strong levels of enjoyment. The 
Broncomatic has been shown in various locations since the initial development, and is currently part of a 
long-term invited installation at the National Videogame Arcade, UK. 
 
Figure 3. The Broncomatic 
2.4 I Seek the Nerves: A Playful Running Experience 
I Seek the Nerves Under Your Skin (I Seek) (Marshall and Benford, 2011), is a running experience based 
around a piece of performance poetry in which the performer is getting increasingly excited, energetic 
and angry throughout the 90 seconds of the poem. It encourages listeners to also act in an increasingly 
frenetic manner, with the aim of helping them better empathize with the poet; this is done by 
encouraging them to continually accelerate whilst they listen to the poem through headphones, so that 
by the end they are sprinting at their maximum speed. This is incredibly hard to do; if the runner slows 
down, the poem automatically fades out until they start running again when the poem starts from the 
beginning. The majority of participants never hear the full poem despite multiple attempts. Runners 
reported that they found the experience exciting, particularly due to the way in which they were 
encouraged to exert themselves hard whilst surrounded by other people and in complex outdoor 
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environments (Marshall et al., 2011a). Whilst the underlying exercise here is essentially the same as 
doing sprint interval training, even regular runners who were experienced with that kind of training 
reported finding it hard when attempting to hear a poem at the same time. The largely unexplained 
nature of the system led participants decide for themselves whether to interpret the system as a game 
which was challenging them to run fast enough to beat the system, or as a more open ended form of 
play around how the sounds produced respond to movement (Marshall et al., 2011a). 
 
Figure 4. I Seek the Nerves Under Your Skin 
 
3. Critiquing Existing Exertion Games and Frameworks 
As exertion game designers, we chose to collaborate due to a shared perspective that: 
 Sport and exercise are fulfilling and exciting activities. 
 Games and playful experiences are also exciting. 
 By using digital technology to combine exercise and games we can create new and exciting 
playful experiences with physical exercise at their core – perhaps even creating new 
experiences which could be considered novel digital sports (Mueller et al., 2011). 
The work described in the case studies was designed with minimum consideration for health benefits, 
weight loss or quantification of exertion levels. This is in contrast to much exertion gaming research 
which sees exertion games as ‘serious games’ with a focus on player health (Göbel et al., 2010).  
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In this section, we briefly discuss a range of previous research and commercial exertion gaming works to 
which we present a set of critiques of the overly health-focused nature of many existing exertion games. 
We also present systems that we believe deal with these problems in a constructive way. These critiques 
are not meant to describe the health-focus as a flaw, however we argue that these systems could 
possibly offer a richer experience by taking into account craft knowledge from sports and entertainment 
using the design strategies we discuss in Section 4. 
3.1 Critique 1: Not considering exertion as an integral part of game design 
There has been a recent focus in gaming research in making elements of the game such as the heads up 
display (Iacovides et al., 2015) and voice commands (Carter et al., 2015) ‘diegetic’, so that they make 
sense in the context of the game story and world. We believe that, as with voice commands and player 
feedback, exertion should also be an integral part of the game design.  
Several authors (Berkovsky et al., 2012; Chatta et al., 2015; Hassan et al., 2012; Jung et al., 2010; Wylie 
and Coulton, 2008) have described the design of exertion games as a process of taking an existing digital 
game and replacing or augmenting the typically mouse, keyboard or gamepad input with an exertion 
input mechanism. For example Berkovsky et al. (2012) add a new sensor that is triggered by jumping on 
the spot a certain number of times which gives bonus time in an existing mouse- and keyboard-
controlled maze game. Guo and Quarles (2012) similarly describe taking an existing game and using 
arbitrary exercises as gestural controls to encourage people to do exercise. Chatta et al. (2015) describe 
another general approach to exertion gaming, where they take an existing game, and put a flashing 
overlay over it, which makes it hard to see unless the person constantly exercises. Evaluations of such 
interfaces generally involve short-term studies in which people play the game, and it is shown either 
that people move when they are playing the game, or that they move more than they do when playing 
the original game. 
Systems designed in this way could be seen as having the fundamental underlying assumption that game 
playing is enjoyable, whereas exertion is something that is undesirable, uncomfortable and simply “not 
fun”. Shimada et al. (2007) are very explicit about this, describing exercise as being something “dull, and 
monotone”. By taking the “undesirable” activity of exercise, and adding the fun of digital gaming, these 
designs aim to divert the user from the fact that “the hidden aim of the game is to increase the physical 
activity” (Hassan et al., 2012).  
This view of exertion ignores sports science research that discusses the positive nature of hard exercise 
(see Section 4.2 below), and we believe it has two fundamental problems when it comes to the design of 
exertion gaming:  
Firstly, it leads to bad game design, due to the disconnect between the game design and the exertion, 
where the exertion becomes an arbitrary element of the game, unlinked from the dramatic aspect of 
play (Fullerton, 2008). For example, we believe there is no meaningful connection between jumping on 
the spot and a ball rolling around a maze gaining extra time (Berkovsky et al., 2012), or why one might 
want to ‘do 50 running steps’ to open a clue in a treasure hunt (Hassan et al., 2012). We acknowledge 
that these examples were designed to enable quantitative experiments rather than demonstrate 
complete game designs, however, as they are making arguments for the benefits of these designs for 
exertion games, the underlying ideas need to be considered as influencing the field.   
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Secondly, by disconnecting exertion from the game itself, these games highlight the meaningless nature 
of the exertion involved, and risk promoting the idea that exertion is only worth doing if there is some 
kind of external reward such as a fun game. This has the potential to be harmful to players in the long 
term, given the evidence that long term exercise motivation is linked to intrinsic enjoyment of the 
exercise itself as opposed to extrinsic rewards such as those provided by these games (Ingledew et al., 
1998). If we create systems that fail to support the idea that exercise may be intrinsically rewarding, we 
may actively discourage long-term participation in exercise. 
As an example of an exertion game which integrates exertion with the game in a meaningful manner, 
Pulse Master Biathlon (Nenonen et al., 2007) uses a combination of stepping with alternate feet, and 
finger presses on ski pole mounted buttons to simulate skiing, with speed in the game relative both to 
heart rate and hence exertion of the player, and also linked to the synchronisation of their pole 
movements with the skiing action. In a second section of the game, players have to shoot at targets; in 
this section, the fact that a heavy beating heart makes it hard to aim a real gun is simulated in the game 
by wobbling the gun sight more based on a higher heart rate, meaning that players have to balance 
exertion during skiing with recovery needed to shoot straight. The players’ exertion is deeply linked with 
the design of the game and hence it offers an integrated exertion activity, as opposed to a game with an 
un-enjoyable exertion activity bolted on. 
3.2 Critique 2: Designing exertion gaming for a lone individual 
We believe that when designing exertion games, we need to consider people other than the person 
playing the game. With a standard controller-based game, a player’s actions may not be visible to those 
around him/her, as any fine-motor finger movements are difficult to see and understand for others and 
can easily be out of view. For example, people playing games on public transport probably appreciate 
that others cannot see what games they are playing, (and possibly how well as they do not want others 
to see how “bad” they are in their casual game). Exertion gaming in contrast involves gross-motor 
movements, something which is hard to hide – therefore we may have to consider attempting not to 
make people feel uncomfortable in front of onlookers, or feel that they are unfit in comparison to 
others, aspects that can be a problem for non-exercisers (Yim and Graham, 2007). Unless designing 
exertion games only for people who deliberately hide and play them in private, exertion games are 
socially embedded and played amongst other people, and designers should therefore consider the social 
nature of the activity. This has implications for how we go about teaching the design of exertion games, 
too: for example, in our teaching practice, we advise students that if they design an exertion game, they 
should start with a multiplayer version before moving on to a single player version, which is opposite to 
most traditional game design processes.  
As an example of designing for socially situated exertion gaming, Macvean and Robertson (2013) 
describe several ways in which their single player exertion games for school physical education lessons 
are essentially social, such as people wanting to play in a separate area of the playground to be near 
some but out of sight of others. Their findings led them to reconsider earlier designs which largely 
considered only the single player who was directly interacting with the game (Macvean and Robertson, 
2012). 
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3.3 Critique 3: Keeping it easy 
Whitehead et al. (2010) present a detailed review of participants’ exertion levels in a large number of 
exertion games. According to their energy expenditure data, the average exertion measured even in the 
most active exertion game was 4 times the resting exertion. This puts it into the category the World 
Health Organisation (2010) describes as moderate intensity, similar to a brisk walk or doing gardening.   
This level of exercise is acceptable if users are not used to traditional physical activity, a user group 
which Whitehead et al. (2010) argue are a key target for exertion gaming as a motivational tool. 
However, if games are to actually work as a lasting motivation to exercise, they will need to adapt in 
difficulty and intensity as their players increase in fitness, rather than restricting players to low to 
medium intensity exercise for reasons appropriate primarily to less fit players, such as to avoid putting 
players’ hearts under “undue strain” (Boyd Davis et al., 2005). Most sport is hard, in that some aspect of 
pain is understood to be inevitable (Addison et al., 1998), primarily due to pushing oneself to perform at 
high effort levels. Exertion games similarly should have the potential to be physically difficult. 
Clearly, there is a balance to be achieved if one is building a system to target both non-exercisers and 
exercisers, as non-exercisers may not be motivated to take on hard challenges (Yim and Graham, 2007), 
and designers do not want to injure participants by pushing them too hard (Boyd Davis et al., 2005), but 
we believe that the answer cannot be to make everything easy. Overcoming pain and difficulty is an 
inherent part of physical activity, and as such we advocate designing with this in mind. It is key for 
lasting exertion game success that we design systems that adapt to people’s fitness levels and pain 
tolerance; Section 4.1 describes ways of dealing with this by creating long and short-term trajectories of 
exertion intensity. It is important to note that this does not necessarily mean making activities easier for 
less fit people; sports practice suggests a range of ways of dealing with things that are inherently hard 
besides reducing the underlying difficulty of the challenge faced, such as coaching, peer support and 
technical aids (e.g. floats in swimming). 
Arguably, I Seek goes somewhat too far in the opposite direction, in that it is extremely hard, which 
creates serious limitations on how long a game can last, and reduces the ability of less fit players to play 
for a long time. This is not too bad in its current form, where it is primarily an experience that players 
will only play at a single event, but the designs would require refinement for longer term replayability.  
3.4 Critique 4: Fighting the obesity epidemic 
From the earliest exertion games, researchers have argued to funding bodies that by creating engaging 
exertion games for children and adults who are obese or at risk of obesity, they will become more 
physically active and less overweight. It is hard to find a paper on exertion gaming which does not 
contain the words obesity epidemic, or suggestions that exertion gaming may solve obesity – we are not 
immune from this (e.g. (Chatta et al., 2015; Keskinen et al., 2014; Mueller, 2009; Mueller et al., 2011; 
Sinclair et al., 2007; Stanley et al., 2010; Whitehead et al., 2010; Yim and Graham, 2007). However, the 
idea that exertion game research may solve the obesity epidemic is flawed in several ways. Firstly, many 
researchers use short-term studies and studies in physical education classes or similar situations in order 
to evaluate their games. These studies demonstrate that when people play a game that enforces 
movement, they move. What they do not demonstrate is long-term engagement in a naturalistic setting. 
11 
 
This long-term engagement has been argued as lacking in studies of commercial exertion games (Owens 
et al., 2011), where when given a free choice as to whether to play Wii Fit, player time declined to just 3 
minutes a day over 6 weeks. Further to this, even if games are played, the evidence that they increase 
overall activity is lacking, with studies showing that even if children play active games for 28 minutes a 
day, their overall levels of physical activity do not increase (Baranowski et al., 2012). This counter-
intuitive result is hypothesized to be an effect of a bodily “activity-stat” (Frémeaux et al., 2011), a 
regulatory mechanism in which the body compensates for activity at one point in the day by being more 
sedentary at other times. There is further to this evidence that the direction of causality between lack of 
exercise and obesity may not be as simple as previously thought, with large-scale studies suggesting that 
lack of exertion is caused by obesity, rather than the other way around (Metcalf et al., 2011). 
We also believe approaches that overly focus on energy expenditure or health may in fact have a 
negative effect on game design, as they encourage design of movements with measurement of exertion 
as a focus, as opposed to how they fit into the game, and hence encourage approaches with exertion 
separate from the gameplay as per critique 1 above. 
So, we propose that firstly, exertion games are in themselves a positive and interesting gaming and 
entertainment form. It is true that physical activity afforded by games can have positive benefits for 
health. However, quantifying their benefits in terms of calories burned, seconds of vigorous activity, or 
weight lost is simplifying the multifaceted range of benefits that are potentially available to players of 
exertion games, and neglecting other positive effects from engaging in them, even if it is “just” 
entertainment. Further to this, as Yim and Graham (2007) point out, even if designing for health, the key 
to designing a useful game is that people play it. We believe that designing an engaging exertion game is 
hard in itself, and that by focusing excessively on health benefits, exertion game designers miss the 
chance to design good exertion games, and risk creating excessively fitness-focused games with poor 
engagement (Owens et al., 2011).  
We believe that a good approach is to present exertion as a positive, exciting and engaging part of the 
overall experience, and design exertion games as games that involve exertion rather than as disguised 
Trojan horses for energy expenditure or health. There are some existing commercial examples we would 
like to highlight that we believe are designed based on the notion that focusing on the positive 
experiences of sports can achieve significant levels of engagement: Popular exercise tracker Endomondo 
(2007) uses the slogan “free your endorphins”, referring to feelings of exhilaration triggered by hard 
exercise; similarly online racing app Strava highlights the enjoyable nature of exertion: “Strava provides 
motivation and camaraderie, and helps us prove that we’re out there doing what we love to do” (Strava, 
2009). Whilst we acknowledge that the quotes are marketing slogans and the associated designs might 
also not be perfect, they highlight that it is possible to present exertion as being intrinsically enjoyable 
as opposed to purely necessary for health improvement. We could also include in this list full body 
rhythm games such as Dance Dance Revolution (Konami, 1998) and Dance Central (Harmonix, 2010), 
which present the vigorous physical movement of dancing as enjoyable in itself, rather than primarily 
focusing on fitness or health goals. Even if we do wish to explicitly focus on health improvement, a 
recent academic study of Dance Central (Chen et al., 2014) suggests that if we do wish to explicitly focus 
on health outcomes, rather than building games that attempt to hide the existence of exertion and using 
gamification to encourage people to exert themselves, it may actually be more effective to “healthify” 
fun games, by framing the game as a form of exertion, something that in their study encouraged players 
to do exercise for longer. 
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4. Three Design Strategies for Exertion Games 
We now show how a critical reflection across the case studies raises new themes for exertion games. 
We note that this is not intended to be a comprehensive list, but rather a starting point, based on our 
design practice, associated craft knowledge and collated reflections. We turn to the literature from 
sports and interactive entertainment to expand on these themes in order to provide “jumping off” 
points for designers of future designs. We present 3 design strategies: firstly, we discuss the way in 
which exertion and time are inextricably interlinked; secondly, we address how pain and discomfort play 
a positive part in sports and exertion experiences; and finally, our last theme relates to the social nature 
of exertion experiences. We motivate each strategy based on observations from the case studies, and 
follow the motivations with a set of specific tactics as stepping stones towards how to implement them. 
4.1 Design Strategy 1: Design Exertion Trajectories  
Benford et al. (2009) describe the concept of an interactional trajectory, a way of designing for extended 
experiences involving technology, which move back and forth between physical and digital elements of 
the experience. In this strategy, we argue that exertion games inherently involve an interplay between 
the physical and digital over time, and as such designers should consider the trajectory that participants 
may take during the experience with a particular focus on the way that exertion may change through an 
experience. We call this the ‘exertion trajectory’. 
In all our case studies, we found examples of the way that participants’ experiences are not constant 
over time; the effects of both tiredness due to exertion and changes in exertion required by the system 
meant that how people exerted changed significantly over time, with different system designs creating 
different exertion trajectories for each system.  
The level of exertion required had strong effects on the trajectory of the experience, for example JoD 
and I Seek both use running as an input. However, the character of the two experiences is very different. 
The extreme bursts of activity in I Seek are close to the physical limits of participants’ bodies, which 
places a limit on how long people can play, whereas the lower level of constant exertion encouraged by 
JoD means that people can take part in it for longer. 
Exhaustion in JoD developed more slowly over time, even though the joggers engaged in the same 
action (jogging) throughout their exercise session, their experience of the activity changed significantly 
as exhaustion developed. Initially, the goal was to find a speed that both joggers were happy with. Once 
they got tired, the challenge shifted towards “not stopping” as a result of increased exhaustion. This 
affected the experience and the social interaction, as the more exhausted they got, the less able they 
were to talk. 
In Broncomatic, the management of exhaustion over time is highlighted by the digital scoring system, 
which uses the idea of “levels” as in computer games in a way that the response of the ride to breathing 
increases as the player rides for longer. Players score more points on these higher levels, but it is 
significantly harder to stay on the ride. This creates a trade-off between conserving energy for higher 
levels and gaining points on lower levels. 
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Interestingly, the use of JoD did not stop when people stopped jogging: if one jogger arrived at his/her 
home, while the other jogger was still underway, she/he kept talking in order to keep the other jogger 
company and support the partner in continuing to run. Even when both joggers arrived simultaneously 
at their respective homes, they kept using the system to discuss the run, their respective recovery time, 
etc. There were also moments of low or no exertion before the run, where participants used the system 
during warm-up exercises to discuss where they would run, for how long, etc. 
Where people exert themselves and what environment they move in can change over time, and affects 
the trajectory they take through an experience, for example in I Seek, participants described various 
ways terrain and time were related, such as crowded areas making them slow down and actively aiming 
to run down slopes at particular times in the experience in order to allow them to run faster (Marshall 
and Benford, 2011). 
In CPS, there are multiple layers to the trajectory. At the level of a single practice session, we observed 
that skaters engaged in a trick, but even if the trick failed, they did not immediately try the trick again. 
Rather they took a short break to recover and reflected on the trick (which was often accompanied by 
chatter about the trick, contributing to the social experience), creating a trajectory of periodic exertion 
with longer gaps in between. Often executing the same trick straight away will not ensure success. CPS 
supports this reflection by using this recovery time between tricks to offer feedback that might 
otherwise be disturbing if delivered during the actual trick action. The replay technology also allows 
people to see their trick replayed after the act. This means that a skater can become part of their own 
audience. The visibility enabled by this technology can be used to inform their learning processes as they 
practice and perform tricks. CPS also highlights the longer-term trajectory as people’s ability to perform 
different exertion activities improves and changes while they learn to skate. By promoting reflection on 
the skater’s skills and how they are performing their tricks, it aims to support a long-term skill 
development trajectory. 
As our case studies make clear, when considering the trajectory through an exertion game experience, it 
is key to consider the temporal aspects of the exertion itself. The following design tactics aim to support 
designers in this process: 
Consider the varying intensity of exertion: Exertion levels during exercise may vary greatly, from rest, 
through aerobic exercise, where the body is able to supply enough oxygen to continue for some time, 
into anaerobic exercise, which is either extremely fast exercise, or load bearing exercise such as heavy 
lifting, where the body is working so hard that it can only continue to do so for a short while. Whilst 
during training some athletes engage with exercise sessions at relatively constant exertion levels, there 
are very few events where the challenge level is constant, or even where athletes do the same thing 
every time. Even in the most ‘basic’ sports such as running and swimming, athletes will typically pace 
themselves until near the end, and then put in a spurt of higher power (Noakes, 2007). In addition, 
designers should also pay attention to the trajectory elements of warm-up and warm-down at either 
end of an exercise session. 
Use exhaustion as an upper limit to exertion trajectories: I Seek uses hard running to push people to 
find their exertion limits. The exertion game Hanging off a Bar (Mueller et al., 2012a) challenges players 
to hang on a bar until they can no longer hold on. Both these games use essentially the same mechanic 
of creating a situation where the level of exertion is limited only by one’s ability to fight exhaustion 
(Mueller et al., 2012a). 
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Create a trajectory across individual play sessions for skill learning: Csikszentmihalyi’s concept of 
activities which create a feeling or state of flow (Jackson and Csikszentmihalyi, 1999) is heavily cited in 
both sports and games writings. Flow is described as being created by a situation where the balance 
between the challenge presented to someone and their skill level is just right – too low and it is boring, 
too high, and they are unable to deal with the challenge. Both sports and games have longer-term 
trajectories than a single game level or a single match. Through this longer-term period, people will 
improve in skill, and thus the challenge must be increased alongside this. In other words, if people are to 
remain engaged over time, as they develop in skill, the challenges must develop in tandem. Falstein 
(2005), in his discussion of gaming difficulty, points out how in practice games may vary the rate of 
difficulty increase over time, rather than use a constant increase in difficulty, in order to give people 
time to consolidate skills during their learning process, a pattern that has been observed in research into 
successful existing games (Linehan et al., 2014). With conventional computer games, progression is 
primarily about skill and tactics; exertion games have a further complication, which is the development 
of physical ability and fitness. This creates a more complex trajectory of skill development. For example, 
Sheinin and Gutwin (2015) describe a study of a ‘small scale exertion game’, which uses repetitive, tiring 
physical actions on a gamepad; they show how the skill development and tactics for such a game are far 
more complex than a traditional gamepad controlled version of the same game, due to fatigue and the 
wider range of skill differences when people have to perform complex physical actions.  
Manipulate time to allow for self-reflection: In sports, audiences have been able to watch actions in a 
delayed fashion thanks to replays. In CPS, the action replay approach is aimed at the players themselves, 
by projecting the captured skateboard movement after the trick right into the exertion environment. 
Manipulating time in this way and providing this to players supports the act of self-spectating as part of 
the activity and part of the learning process. If self-spectating is used for feedback during a learning 
process, we can take insight from research into augmented feedback in sports - Care must be taken to 
provide feedback this in a way that supports skill development whilst reducing the tendency of players 
to rely on constant feedback (see Magill & Anderson (2012) for a thorough review of augmented 
feedback). Viewing oneself can also inspire higher levels of performance, new ways of performing, and 
help people in their self-identification as a skilled performer (Jones, 2011); for example it has been 
argued that the primary purpose of amateur videos in skateboarding is “not documentary … but 
anticipatory: their ability to help skateboarders imagine futures and to contribute to their ongoing 
symbolic projects of self formation” (Jones, 2011). 
Utilize environment to create exertion trajectories: Designers should also consider utilizing the 
environment to create exertion trajectories. For example, in rock climbing, the rock face primarily 
moderates how hard a particular section is; on many sections, people may be able to pause to work out 
what they will do next, but some parts of a route may require negotiation of overhangs or otherwise 
require the climber to hang on their arms alone, meaning that a person is undergoing hard exertion 
during that section.  
Utilize game design and narrative to drive exertion trajectories: In gaming, trajectories occur relating 
to the design of game levels to modulate temporal progress through the game; for example Bleszinski 
(2000) describes points where one can hide and pause, surrounded by sections where the player has to 
take a risk of being exposed and has to move quickly to be safe. Wesołowski (2009) suggests that these 
variations in difficulty be used to give players a break in the intensity of the action, something that is 
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even more important in exertion gaming, where the amount of intense physical activity possible may be 
limited by people’s fitness. 
An exertion game example of this tactic is the audio game Zombies, Run (Alderman, 2012), designed to 
be played while running. It tells the story of a post-apocalyptic future full of zombies. In each level, a 
slow introductory section encourages the player to warm up, then the player is let out of the safe base 
and told to run. At key moments of high thrill in the story, the player hears a horde of zombies chasing 
and has to accelerate to avoid them or else lose vital items. In effect the game excitement drives an 
exertion trajectory very similar to types of interval training in which people intersperse low effort 
exercise with bursts of extremely high effort.  
Consider cognitive load and the exertion trajectory: When exerting oneself hard, it may be more 
difficult to concentrate on game elements. Game content may also distract from the exertion activity. 
When designing exertion trajectories, we need to consider how these conflicts occur, and whether they 
are desirable or not. For example, in bicycle-based games events may be scheduled to occur at times 
when riders are not riding hard, to avoid unsafe distractions (Rowland et al., 2009). I Seek in contrast 
deliberately uses this distraction to alter the participant’s perception of the poem, aiming to leave them 
with an impression of the poem rather than fully hearing every word, making much of the poem only 
audible while the participant is running hard and having to pay attention to the running. 
4.2 Design Strategy 2: Design for, with and around pain 
Our second design strategy is concerned with the fact that exertion means that there is a risk of physical 
discomfort, possibly resulting in pain and even injury. We have previously written about the deliberate 
use of fatigue as a game challenge (Mueller and Isbister, 2014; Mueller et al., 2012a); in this section we 
explore a wider range of pain-based design strategies. 
Pain (defined as “an unpleasant sensory and emotional experience associated with actual or potential 
tissue damage” (Addison et al., 1998)) is known to be a key part of most athletic activities, and despite 
the negative connotations, pain has many positive functions in sport (Addison et al., 1998), which we 
discuss below. As designers of exertion games, we should embrace these positive aspects of pain in our 
designs. Analysis of our case studies revealed a range of ways in which pain and the risk of pain was 
important to these exertion experiences. 
For example, I Seek pushes people to an extreme level of exertion, which can be painful: the heart 
pumps uncomfortably fast and lactic acid builds up in muscles. This pain also has positive effects, by 
forcing the participant to stop running and slow down it creates the entire mechanic of the game as 
people try to overcome the discomfort of such high levels of exertion. 
In JoD, the way people expressed pain was a key part of the communication between players. For 
example a runner reported how hearing the hard breathing of the other runner (emphasized by the 
close location of the microphone to the jogger’s mouth) made them focus on hearing “someone else in 
pain”. This outward signal of painful exhaustion communicated people’s exhaustion levels to those they 
were running with and allowed them to modulate their effort levels in response. 
Even fear of pain can have positive effects, for example the Broncomatic uses the rider’s fear of falling 
and hurting themselves as a thrilling part of the ride experience; although the inflatable safety mat 
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means that the risk of injury is low. The fact that the “game over” moment in Broncomatic is to be 
physically thrown from a large piece of machinery gives it more emotional impact than a simple “game 
over” display. 
CPS takes the idea of risk further, unlike skateboarding video games such as Tony Hawk’s Pro Skater it 
aims to keep the skateboarding experience true to its nature as an extreme sport. As such CPS involves 
bodily actions that carry a real risk of physical injury. In particular, a trick is executed correctly if the 
skater does not fall (the risk of injury is low if the skater does not fall), a trick was not executed correctly 
when the skater falls (and the risk of injury to the skater is higher). The riskier the trick, the higher the 
achievement for the skater upon success, as usually assessed by him/herself and other skaters. As such, 
the level of risk (at least partially) determines the quality of the movement action. This resonates with 
research in climbing that articulates “risk as a measure of progress” being a key aspect of the climbing 
experience (Fave et al., 2003). 
Pain takes many forms. In our discussion of the tactics that make up this strategy, we highlight 5 forms 
of pain based loosely on Addison et al.’s (1998) categorization of pain amongst athletes, describing how 
they could be considered using interactive technologies: 
Positive pain is the result of people pushing themselves towards the limits of what they are able to do. 
Pushing themselves hard is something that many people find thrilling and is key to many sport 
performances (Addison et al., 1998).  
Negative pain such as caused by an injury is unlikely to be a desired outcome, however, the fact that an 
activity carries potential for negative pain can be thrilling as seen in extreme sports (Breton, 2000; Self 
et al., 2007). 
Potential pain refers not to actual pain as a result of bodily damage, but the perceived potential of pain. 
Even though no bodily damage occurs, exposing oneself to potential pain can be a significant and 
thrilling emotional experience (Breton, 2000). 
Fatigue can be caused by extended periods of physical activity. Fatigue can occur during one physical 
activity session, or across many as a result of too many repetitive actions - common in sports such as 
jogging and swimming, but also seen in gestural input console games (Sparks et al., 2011). 
Emotional pain refers to affective responses; a typical example is the negative feeling when just having 
lost an important game. A typical example of emotional pain in digital games is the loss of a life. Juul 
(2009) describes 4 successive types of pain in digital games: i) loss of energy, which eventually leads to 
ii) loss of a life, which may lead to iii) setback punishment, in which a player is forced to replay part of a 
game, and iv) game termination, which is essentially the ultimate setback punishment. Without any of 
these types of pain, there would be no challenge in the game. Hence players prefer to fail sometimes, as 
otherwise the game may be boring and too easy (Juul, 2009).  
We propose the following strategies to support exertion game designers to take pain into account: 
See pain as a bodily form of feedback: CPS highlights how negative pain as well as potential pain tells 
the skater something about the quality of the trick. So in addition to providing feedback through audio 
and visuals, athletes also receive pain as a bodily form of feedback. In our design process, we 
experimented with pulling the skater off the skateboard by pulling strings attached to the legs in order 
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to understand something about haptic feedback and pain (Pijnappel and Mueller, 2013). We can 
envision that future versions could support this further such that the level of pain experienced is 
correlating with movement quality. Interestingly, in skateboarding even a deliberate infliction of 
negative pain such as knocking people off their board is seen as a positive way to teach people social 
rules such as turn taking and not dropping in on another skater (Delamont and Petrone, 2010).   
Celebrate positive pain: Designers can celebrate positive pain through digital means. For example, the 
joggers in JoD are rewarded with a loud and clear communication channel if they keep running, 
engaging in positive pain, and the runners in I Seek only hear the full poem if they continue pushing 
themselves throughout. 
Mix pain types: Designers can combine emotional pain known from digital games with the physical pain 
known from sports to leverage the advantages of each. For example, in I Seek, the users experience 
emotional pain when they stop running, as the poem stops and they have to start from the beginning, a 
setback punishment. However, the user probably stops because she/he feels extremely fatigued. The 
engagement with the experience comes from balancing this multi-pain potential: If avoiding one pain, 
the other pain will come to the fore, so the player has some form of autonomy as to which pain she/he 
will succumb to, this balances the inevitable nature of the pain with the sense of autonomy that is 
usually seen as good game design element (Rigby and Ryan, 2011).    
Use pain to facilitate intense experiences: In I Seek, the positive pain resulting from people pushing to 
their limits resulted in players entering a different bodily state: one of intense exhaustion. This is an 
example of how deliberately designing discomfort into an interaction can actually lead to a richer 
participant experience (Benford et al., 2012). As such, we suggest designers consider pain as a design 
resource to facilitate what we call intense experiences (Marshall and Benford, 2011).  
Use management of pain as game mechanic: In JoD, the player has to constantly manage his/her 
exhaustion level in order to a) not overdo it, and b) know how much reserve is still needed to complete 
the jog. As in I Seek, the level of pain that a person is able to tolerate is an essential part of the game 
mechanic. 
Use potential of pain as thrill facilitator: The Broncomatic shows how the potential for pain (falling off) 
can contribute to a thrilling experience, even if no real pain results (thanks to the inflatable mat). 
Another example of potential pain as thrill facilitator is rollercoasters that use ‘head chopper’ sections, 
where the ride appears to be heading for a bar at head height before veering off at the last second.  
Be aware of undesirable negative pain: Large amounts of repetitive, low level exercise can lead to 
overuse injuries. This is common in running and swimming, but has also been seen in commercial 
exertion games (Sparks et al., 2011). When designing exertion games, care must be taken to consider 
the biomechanics of any repetitive actions, for example by using predictive models of fatigue effects 
(Hincapié-Ramos et al., 2014). Even in more extreme exertion games, where we are embracing the risk 
of negative pain, we should consider what the nature of that pain is. As seen above, pain is a form of 
feedback as to the quality of actions; thus we argue that pain should not be arbitrary and that players 
should be able to make an informed choice as to whether they engage in an activity with a risk of pain. 
For example, in downhill mountain biking it is considered good trail design to make sure that dangerous 
trail features such as jumps and drops are clearly visible before they are hit, and that alternative lines 
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which bypass jumps exist, so riders can make informed choices about the risk involved in riding a feature 
(International Mountain Bicycling Association, 2007). 
We can also consider providing protective gear in order to allow people to reduce unnecessary negative 
pain in extreme physical activities. Protective gear can even be used as a space for interactive designs 
such as the “Lumahelm” bike helmet, which shows a lit display which responds to the rider’s athletic 
performance (Walmink et al., 2014, 2013). There may be trade-offs involving protective gear, for 
example many skateboarders deliberately choose not to wear protective gear, seeing wearing 
protection as a sign of weakness which reduces the perceived extreme (and hence exciting) nature of 
the sport. 
4.3 Design Strategy 3: Design for the Social Nature of Exertion 
As Macvean and Robertson (2013) describe, even designers of single player exertion games should 
consider the social aspects. Exertion experiences are socially oriented in two ways. Firstly, many sports 
and games involve social structures that are ‘internal’ to the activity, such as competitive and 
collaborative team structures, and competition events. Secondly, the activity of exertion is itself very 
visible in comparison to traditional gaming, which means that consideration must be taken as to how 
the activity fits in within social structures external to the activity such as how it looks to spectators.  
As JoD demonstrates, technology can alter the internal social nature of a sporting activity. As well as 
allowing non-collocated multiplayer running, it also allows very differently skilled participants to have a 
satisfying experience of running together which would not normally be possible. This is done by tracking 
effort level, rather than physical performance. One participant who was injured and could not run was 
even able to take part by cycling. 
The social nature of an activity can inspire exertion - in Broncomatic, whilst only one player takes part at 
a time, players compete amongst each other to get a higher score, something which acts as a strong 
motivator to try hard to stay on. Riders will also shout and wave and generally make a performance of 
their riding of the bronco to friends and other onlookers. As JoD demonstrates, cooperation can also 
motivate people to exertion, people are inspired to run by a desire to enjoy running together, rather 
than by competing against each other. 
As well as sociality that is directly to do with the game itself, exertion activities can also live within wider 
shared cultures. For example, CPS aims to situate itself within the social culture of skateboarding 
(Pijnappel and Mueller, 2013). This extreme sport’s culture is not purely about the activity of skating, it 
is also about the social acts happening around it, such as a social understanding of what clothing is 
appropriate and social gatherings within which skating occurs (Delamont and Petrone, 2010). The 
feedback after a trick aims to fit within the culture of skating at skateparks, where it is usual for skaters 
to take turns on a ramp, and give feedback to other skaters while they await their turn (Delamont and 
Petrone, 2010). 
The bodily actions in exertion games can be exciting to those who are not involved in the game, for 
example the ride system used in Broncomatic and skateboarding in CPS are in themselves exciting 
spectator experiences. Broncomatic and CPS both use large displays that are designed to be visible to 
spectators; in the case of Broncomatic, this is primarily to create an exciting audience dynamic, with the 
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score display visible to those watching the ride; while the bodily spectacle of the ride itself encourages 
people to try the ride themselves. 
I Seek uses high visibility equipment including a fluorescent jacket and large headphones; these serve as 
a safety feature, making participants visible, but also make participants obvious to spectators, who are 
potential future participants. The fact that the audio is not audible to spectators offers an element of 
mystery; they see people sprinting to extreme speeds, but have no idea why. This exploits what Reeves 
et al. call a “suspenseful” interaction strategy (Reeves et al., 2005): interface manipulations are visible to 
spectators, but the result is not. 
Bystanders can also alter the gameplay, for example in I Seek, participants reported that bystanders had 
a major effect on them – both physically, as they had to be negotiated without colliding, and socially, as 
people felt embarrassed or rude about running fast near other people. Similarly, because multiple 
people play at the same time, there was potential for players to get in the way of each other. 
Many of the strategies below have been described in part in previous work, such as designing spectator 
experiences for bodily games by considering the ‘computer game as performance’ (Hamalainen et al., 
2005) and the design of games where the rules are in part socially negotiated between participants 
(Márquez Segura et al., 2013; Wilson, 2011). 
There are also various exertion gaming designs described in the HCI literature which are explicitly 
framed as social (Choi et al., 2014; Park et al., 2012; Payton et al., 2011). However, the “social” aspect of 
these games is primarily the fact that they are multiplayer, as opposed to the wider notion of social 
gaming that we describe here. The following sections describe tactics for the design of exertion games 
that take into account the inherently social nature of exertion gaming: 
Use technology to reveal the nature of exertion to spectators: Exertion games lend themselves to 
becoming spectacles that draw audiences due to the bodily movements involved. Designers might 
consider what they reveal to spectators and what they hide. In an exertion game we have the virtual 
world of the game, and what Reeves (2005) calls the ‘interface manipulations’ or the bodily movements 
in the system  that can both be appealing to watch. We may also wish to display other aspects relevant 
to the action, for example videos of players’ facial expressions and sweat on their foreheads as their 
bodies respond to the activity. Potentially, biometric data could also create interesting enhanced 
spectator experiences that reveal how hard people are exerting or how thrilled they are (see for 
example spectator interfaces for amusement rides (Schnädelbach et al., 2008)). 
Engage social aspects in the design of exertion trajectories: In JoD, the length of time spent running 
and hence the exertion trajectory of the run is the result of a negotiation between the participants. 
Similarly, in many other sports other players also modulate the exertion trajectory. For example in 
basketball, bursts of very intense activity such as sprinting against opponents are interspersed with 
periods of lower intensity activity when not actively taking part in a play (Ben Abdelkrim et al., 2007). So 
the exertion trajectory is very much a social construct, influenced by the co-participants. Another 
example is competitive cycling: cyclists draft behind others and use this drafting as tactical element 
which becomes part of their social exertion trajectory (Fernandez-Garcia et al., 2000). 
Design the spectator experience to attract participants: Spectators are an inevitable part of public 
experiences, and even exertion games played in private at home are likely to involve other family 
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members watching (Voida and Greenberg, 2009). Assuming we wish that as many people play our 
games as possible, we may aim to design transitions between spectating and active participation 
(Sheridan et al., 2007). For example both I Seek and Broncomatic are deliberately designed to look and 
sound exciting in order to encourage spectators to play, similar to the way arcade game machines use 
bright and noisy “attract modes” to encourage people to play.  
Interactive technology can also support audience members to quickly engage with existing play 
activities. For example, in the Xbox game Dance Central, players simply raise their hand to join an 
existing game. This is unlike in many traditional sports activities, where if one player arrives or leaves, 
the game needs to be reconfigured or simply ends. 
Design for exertion around bystanders: If people are exerting themselves in public, in our experiences 
we should design interactions with the knowledge that these activities will most likely take place 
amongst bystanders. The presence of bystanders may be a positive thing, for example participants in I 
Seek found it thrilling to run through a crowded area, but this can also cause safety issues. I Seek deals 
with these safety issues by equipping participants with high visibility clothing and being designed to be 
‘eyes free’ (Yi et al., 2012), so participants can see where they are running. The bicycle game Rider Spoke 
(Rowland et al., 2009) also used these techniques, with riders offered high visibility vests, and screen-
based interaction only occurring while stopped and not riding. In some situations, designers might need 
to take a lot of care, for example commercial GPS ride tracking systems have been criticized for the way 
they encourage people to compete hard as if in a race whilst riding in public, and even been accused of 
culpability for the deaths of participants and bystanders (Velonews.com, 2013). 
Consider parallel and interference play: We believe that exertion games can learn from sports about 
parallel and interference play. Parallel play is where players are acting physically independently. For 
example in a 100m race, participants exert to their best of their physical abilities, but they have no 
influence on the physical abilities of each other (besides through cognitive means). In contrast, in 
wrestling athletes physically interfering with each other is part of what “makes” wrestling. The actions of 
one athlete depend on the action of the other (Mueller et al., 2014; Vossen, 2004). 
Frost points out the difference between parallel and interference play through the development phases 
of a child: first, a child engages in play independently, playing in parallel with other children. With more 
advanced development stages, the child begins to play with other children, sharing toys and interfering 
with as well as building on each other’s play (Frost et al., 2008). Currently, we observe that many 
exertion games only support parallel play, where players move their bodies independently of each 
other. We believe this is mostly due to the technology involved. For example, the Kinect uses vision 
tracking, which benefits from players standing apart, and similarly Sony Moves and Wiimotes are not 
focused on sensing body contact. Technologies used for pervasive exertion gaming such as GPS sensors 
also do not sense body contact well (see (Mueller et al., 2014) for a more detailed discussion of 
interference play in exertion gaming). 
A few existing games do support bodily contact, for example Johann Sebastian Joust (Wilson, 2012) uses 
motion sensitive controllers held by each player, and players have to try and jostle each other’s 
controller, whilst keeping their controller steady. Interestingly, facilitating body contact does not 
necessarily even require technologies that can sense body contact: for example, the game B.U.T.T.O.N. 
demonstrates that managing body contact can be facilitated with traditional controllers, leaving the 
managing of body contact to the discretion of the players rather than to the computer (Wilson, 2011); 
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similarly the classic board game Twister (Foley and Rabens, 1966) instructs players where to place limbs, 
but does not control what bodily contact occurs.   
Consider whether to balance social play: In multiplayer games, players can have different abilities and 
skills, which can hinder the emergence of an engaging experience (Mueller et al., 2012b). We identify 
that there are two main approaches to creating more balanced exertion experiences. Firstly, there are 
effort-based systems such as JoD. These measure effort that participants are putting in, such as 
measured by normalized heart rate. This to some extent removes fitness differences (although some 
participants will be able to jog further, so it is not perfect). This kind of balancing is rare in traditional 
sports. A number of sports such as amateur golf do use a second method of balancing known as 
handicapping, in which a fixed penalty is given to more able participants.  
An alternative option to balancing is taken by the vast majority of both sports and computer games, 
which is not to balance at all. I Seek takes such a deliberately elitist approach and is designed to be hard: 
only 30% of participants were able to hear the full poem. The advantage of not balancing is that it gives 
people the potential to clearly see a progression in skills and fitness over time and allows for easy 
objective comparisons.  
In multiplayer exertion gaming, if we do not balance, we have to rely on people choosing appropriate 
levels of competitors, often using structures outside the main game itself. In sports, this is often done 
using leagues, player rankings, age categories, or informal categories such as fast and slow groups 
during cycle rides. Exertion gaming can potentially also use player matching technology such as used in 
online multiplayer games, which aims to pit players of similar ability against each other. 
One example of an innovative approach to balance social competition is seen in the cycling app Strava 
(2009). Strava measures times to ride a section of a track and allows riders to see where they rank on a 
leaderboard. Furthermore, it allows riders to filter the leaderboard so that they see people with similar 
types of bikes or of similar weight and age, in order to allow for comparisons with others similar to 
them, rather than the elite riders at the top of a leaderboard. 
Consider asynchronous remote participation: As demonstrated by JoD, digital technology offers key 
opportunities for remote participation in a way that is not common in traditional sport. However, it may 
not always be possible to find remote players at the same time; because of this, for some exertion 
games, an asynchronous approach may be appropriate (Nunes et al., 2014; Sheridan and Mueller, 2010). 
Strava (2009) is again an example of this approach: it features the “king of the mountain” mechanism, 
where a rider is notified when someone beats her/his time, often encouraging people to go out and ride 
a segment again in order to regain their leaderboard position.  
5. Conclusion 
As boundaries between sports and gaming blur, exertion gaming as a concept becomes increasingly 
important. Whilst there are still a range of embodied experiences that are variously called games and 
sports, as sports embrace technology and digital games embrace exertion it is becoming harder to tell 
them apart. Essentially we argue that many sports are becoming exertion games and vice versa. Current 
designs often work from one viewpoint, for example taking sport and augmenting it with digital 
technology or taking interactive entertainment and adding exertion. By synthesizing these viewpoints 
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using the strategies described in this article we believe designers may be able to better work with the 
nuances of both interactive technology and exertion and create better and more varied exertion games.  
Acknowledgements 
Joe Marshall is supported by a Leverhulme Trust fellowship (ECF/2012/677). 
Florian ‘Floyd’ Mueller is supported by ARC DP110101304. 
References 
Addison, T., Kremer, J., Bell, R., 1998. Understanding the psychology of pain in sport. Irish J. Psychol. 19, 
486–503. 
Alderman, N., 2012. Zombies, Run! 
Baranowski, T., Abdelsamad, D., Baranowski, J., O’Connor, T.M., Thompson, D., Barnett, A., Cerin, E., 
Chen, T.-A., 2012. Impact of an active video game on healthy children’s physical activity. Pediatrics 
129, 36–42. doi:10.1542/peds.2011-2050 
Ben Abdelkrim, N., El Fazaa, S., El Ati, J., 2007. Time-motion analysis and physiological data of elite 
under-19-year-old basketball players during competition. Br. jnl. Sport. Med. 41, 69–75. 
doi:10.1136/bjsm.2006.032318 
Benedetti, F., Thoen, W., Blanchard, C., Vighetti, S., Arduino, C., 2013. Pain as a reward: changing the 
meaning of pain from negative to positive co-activates opioid and cannabinoid systems. Pain 154, 
361–7. doi:10.1016/j.pain.2012.11.007 
Benford, S., Giannachi, G., Koleva, B., Rodden, T., 2009. From interaction to trajectories, in: Proceedings 
of the 27th International Conference on Human Factors in Computing Systems - CHI 09. ACM Press, 
New York, New York, USA, p. 709. doi:10.1145/1518701.1518812 
Benford, S., Greenhalgh, C., Giannachi, G., Walker, B., Marshall, J., Rodden, T., 2012. Uncomfortable 
interactions. Proc. 2012 ACM Annu. Conf. Hum. Factors Comput. Syst. - CHI ’12 2005. 
doi:10.1145/2207676.2208347 
Berkovsky, S., Freyne, J., Coombe, M., 2012. Physical Activity Motivating Games. ACM Trans. Comput. 
Interact. 19, 1–41. doi:10.1145/2395131.2395139 
Bleszinski, C., 2000. The art and science of level design, in: Game Developers Conference 2000. 
Boyd Davis, S., Moar, M., Cox, J., Riddoch, C., Cooke, K., Jacobs, R., Watkins, M., Hull, R., Melamed, T., 
2005.  ’Ere be dragons, in: Proceedings of the 13th Annual ACM International Conference on 
Multimedia - MULTIMEDIA ’05. ACM Press, New York, New York, USA, p. 1059. 
23 
 
doi:10.1145/1101149.1101376 
Breton, D. le, 2000. Playing Symbolically with Death in Extreme Sports. Body Soc. 6, 1–11. 
doi:10.1177/1357034X00006001001 
Carter, M., Allison, F., Downs, J., Gibbs, M., 2015. Player Identity Dissonance and Voice Interaction in 
Games, in: Proceedings of the 2015 Annual Symposium on Computer-Human Interaction in Play - 
CHI PLAY ’15. ACM Press, New York, New York, USA, pp. 265–269. doi:10.1145/2793107.2793144 
Chatta, A., Hurst, T., Samaraweera, G., Guo, R., Quarles, J., 2015. Get off the Couch, in: Proceedings of 
the 2015 Annual Symposium on Computer-Human Interaction in Play - CHI PLAY ’15. ACM Press, 
New York, New York, USA, pp. 47–56. doi:10.1145/2793107.2793115 
Chen, F.X., King, A.C., Hekler, E.B., 2014. “healthifying” exergames, in: Proceedings of the 32nd Annual 
ACM Conference on Human Factors in Computing Systems - CHI ’14. ACM Press, New York, New 
York, USA, pp. 1855–1864. doi:10.1145/2556288.2557246 
Cheok, A.D., Yang, X., Goh, K.H., Liu, W., Farbiz, F., Teo, S.L., Teo, H.S., Lee, S.P., Li, Y., Fong, S.W., 2004. 
Human Pacman. Proc. ACE ’04 360–361. doi:10.1145/1067343.1067402 
Choi, W., Oh, J., Park, T., Kang, S., Moon, M., Lee, U., Hwang, I., Song, J., 2014. MobyDick, in: 
Proceedings of the 12th ACM Conference on Embedded Network Sensor Systems - SenSys ’14. 
ACM Press, New York, New York, USA, pp. 76–90. doi:10.1145/2668332.2668352 
Consolvo, S., Libby, R., Smith, I., Landay, J.A., McDonald, D.W.D.D.W., Toscos, T., Chen, M.Y., Froehlich, 
J., Harrison, B., Klasnja, P., LaMarca, A., LeGrand, L., 2008. Activity sensing in the wild, in: 
Proceeding of the Twenty-Sixth Annual CHI Conference on Human Factors in Computing Systems - 
CHI ’08. ACM Press, New York, New York, USA, pp. 1797–1806. doi:10.1145/1357054.1357335 
Delamont, S., Petrone, R., 2010. “You have to get hit a couple of times”: The role of conflict in learning 
how to “be” a skateboarder. Teach. Teach. Educ. 26, 119–127. 
Dourish, P., 2004. Where the action is: the foundations of embodied interaction. MIT Press. 
Endomondo, 2007. Endomondo [WWW Document]. URL http://www.endomondo.com/about (accessed 
1.21.15). 
Falstein, N., 2005. Understanding Fun—The Theory of Natural Funativity, in: Rabin, S. (Ed.), Introduction 
to Game Development. Charles River Media, Boston, pp. 71–97. 
Fave, A.D., Bassi, M., Massimini, F., 2003. Quality of Experience and Risk Perception in High-Altitude 
Rock Climbing. J. Appl. Sport Psychol. 15, 82–98. doi:10.1080/10413200305402 
Fernandez-Garcia, B., Perez-Landaluce, J., Rodriguez-Alonso, M., Terrados, N., 2000. Intensity of exercise 
during road race pro-cycling competition. Med. Sci. Sport. Exerc. 32, 1002–1006. 
24 
 
Foley, C.F., Rabens, N., 1966. Twister. 
Frémeaux, A.E., Mallam, K.M., Metcalf, B.S., Hosking, J., Voss, L.D., Wilkin, T.J., 2011. The impact of 
school-time activity on total physical activity: the activitystat hypothesis (EarlyBird 46). Int. J. Obes. 
(Lond). 35, 1277–83. doi:10.1038/ijo.2011.52 
Frost, J.L., Wortham, S.C., Reifel, R.S., 2008. Play and Child Development. Pearson/Merrill Prentice Hall. 
Fullerton, T., 2008. Game Design Workshop: A Playcentric Approach to Creating Innovative Games. CRC 
Press. 
Göbel, S., Hardy, S., Wendel, V., Mehm, F., Steinmetz, R., 2010. Serious games for health, in: Proceedings 
of the International Conference on Multimedia - MM ’10. ACM Press, New York, New York, USA, p. 
1663. doi:10.1145/1873951.1874316 
Guo, R., Quarles, J., 2012. Exercise-based interaction techniques for a virtual reality car racing game, in: 
2012 IEEE Virtual Reality (VR). IEEE, pp. 93–94. doi:10.1109/VR.2012.6180898 
Hamalainen, P., Ilmonen, T., Hoysniemi, J., Lindholm, M., Nykanen, A., 2005. Martial arts in artificial 
reality. Proc. ACM CHI 2005 Conf. Hum. Factors Comput. Syst. 1, 781–790. 
doi:10.1145/1054972.1055081 
Harmonix, 2010. Dance Central. 
Hassan, M.M., Hossain, M.S., Alamri, A., Hossain, M.A., Al-Qurishi, M., Aldukhayyil, Y., Ahmed, D.T., 
2012. A cloud-based serious games framework for obesity, in: Proceedings of the 1st ACM 
Multimedia International Workshop on Cloud-Based Multimedia Applications and Services for E-
Health - CMBAS-EH ’12. ACM Press, New York, New York, USA, p. 15. 
doi:10.1145/2390906.2390912 
Hincapié-Ramos, J.D., Guo, X., Moghadasian, P., Irani, P., 2014. Consumed Endurance: A Metric to 
Quantify Arm Fatigue of Mid-air Interactions, in: Proceedings of the 2014 ACM Annual Conference 
on Human Factors in Computing Systems - CHI ’14. pp. 1063–1072. 
Iacovides, I., Cox, A., Kennedy, R., Cairns, P., Jennett, C., 2015. Removing the HUD, in: Proceedings of the 
2015 Annual Symposium on Computer-Human Interaction in Play - CHI PLAY ’15. ACM Press, New 
York, New York, USA, pp. 13–22. doi:10.1145/2793107.2793120 
Ingledew, D.K., Markland, D., 2008. The role of motives in exercise participation†. Psychol. Health 23, 
807–828. doi:10.1080/08870440701405704 
Ingledew, D.K., Markland, D., Medley, A.R., 1998. Exercise motives and stages of change. J. Health 
Psychol. 3, 477–89. doi:10.1177/135910539800300403 
International Mountain Bicycling Association, 2007. Fifteen Tips for Building Excellent Downhill Trails 
[WWW Document]. URL http://www.imbacanada.com/resources/freeriding/building-dh-trails 
25 
 
(accessed 1.21.15). 
Jackson, S.A., Csikszentmihalyi, M., 1999. Flow in Sports: The Keys to Optimal Experiences and 
Performances., Flow in sports The keys to optimal experiences and performances. Human Kinetics. 
Jirásek, I., Hurych, E., 2012. Pain and Suffering in Sport. Hum. Mov. 13, 185–189. 
Jones, R.H., 2011. C me Sk8: Discourse, Technology, and “Bodies without Organs,” in: Thurlow, C., 
Mroczek, K. (Eds.), Digital Discourse. Oxford University Press. 
Jung, J., Kang, S., Park, H., Hahn, M., 2010. Healthy super Mario: tap your stomach and shout for active 
healthcare 482–483. 
Juul, J., 2009. Fear of Failing? The Many Meanings of Difficulty in Video Games, in: The Video Game 
Theory Reader 2. Routledge, New York, NY, USA, pp. 237–252. 
Juul, J., 2003. The Game , the Player , the World : Looking for a Heart of Gameness. Lev. Up Digit. Games 
Res. Conf. Proc. 30–45. 
Keskinen, T., Hakulinen, J., Turunen, M., Heimonen, T., Sand, A., Paavilainen, J., Parviainen, J., 
Yrjänäinen, S., Mäyrä, F., Okkonen, J., Raisamo, R., 2014. Schoolchildren’s user experiences on a 
physical exercise game utilizing lighting and audio. Entertain. Comput. 5, 475–484. 
doi:10.1016/j.entcom.2014.08.009 
Klemmer, S.R., Hartmann, B., Takayama, L., 2006. How bodies matter, in: Proceedings of the 6th ACM 
Conference on Designing Interactive Systems - DIS ’06. ACM Press, New York, New York, USA, p. 
140. doi:10.1145/1142405.1142429 
Konami, 1998. Dance Dance Revolution. 
Linehan, C., Bellord, G., Kirman, B., Morford, Z.H., Roche, B., 2014. Learning curves, in: Proceedings of 
the First ACM SIGCHI Annual Symposium on Computer-Human Interaction in Play - CHI PLAY ’14. 
ACM Press, New York, New York, USA, pp. 181–190. doi:10.1145/2658537.2658695 
Loke, L., Robertson, T., 2010. Studies of dancers: Moving from experience to interaction design. Int. J. 
Des. 
Macvean, A., Robertson, J., 2013. Understanding exergame users’ physical activity, motivation and 
behavior over time, in: Proceedings of the SIGCHI Conference on Human Factors in Computing 
Systems - CHI ’13. ACM Press, New York, New York, USA, p. 1251. doi:10.1145/2470654.2466163 
Macvean, A., Robertson, J., 2012. iFitQuest, in: Proceedings of the 14th International Conference on 
Human-Computer Interaction with Mobile Devices and Services - MobileHCI ’12. ACM Press, New 
York, New York, USA, p. 359. doi:10.1145/2371574.2371630 
Magill, R.A., Anderson, D.I., 2012. The roles and uses of augmented feedback in motor skill acquisition., 
26 
 
in: Hodges, N., Williams, M.A. (Eds.), Skill Acquisition in Sport: Research, Theory and Practice. 
Márquez Segura, E., Waern, A., Moen, J., Johansson, C., 2013. The design space of body games, in: 
Proceedings of the SIGCHI Conference on Human Factors in Computing Systems - CHI ’13. ACM 
Press, New York, New York, USA, p. 3365. doi:10.1145/2470654.2466461 
Marshall, J., Benford, S., 2011. Using fast interaction to create intense experiences, in: Proceedings of 
the 2011 Annual Conference on Human Factors in Computing Systems - CHI ’11, CHI ’11. ACM 
Press, New York, New York, USA, NY, USA, p. 1255. doi:10.1145/1978942.1979129 
Marshall, J., Chamberlain, A., Benford, S., 2011a. I Seek the Nerves under Your Skin: A “Fast” Interactive 
Artwork. Leonardo 44, 401–404. 
Marshall, J., Rowland, D., Rennick Egglestone, S., Benford, S., Walker, B., McAuley, D., 2011b. Breath 
control of amusement rides, in: Proceedings of the 2011 Annual Conference on Human Factors in 
Computing Systems - CHI ’11, CHI ’11. ACM, New York, NY, USA, pp. 73–82. 
doi:http://doi.acm.org/10.1145/1978942.1978955 
Metcalf, B.S., Hosking, J., Jeffery, A.N., Voss, L.D., Henley, W., Wilkin, T.J., 2011. Fatness leads to 
inactivity, but inactivity does not lead to fatness: a longitudinal study in children (EarlyBird 45). 
Arch. Dis. Child. 96, 942–7. doi:10.1136/adc.2009.175927 
Mueller, F., Edge, D., Vetere, F., Gibbs, M.R., Agamanolis, S., Bongers, B., Sheridan, J.G., 2011. Designing 
sports, in: Proceedings of the 2011 Annual Conference on Human Factors in Computing Systems - 
CHI ’11. ACM Press, New York, New York, USA, p. 2651. doi:10.1145/1978942.1979330 
Mueller, F. “Floyd,” 2009. Digital Sport: Merging Gaming with Sports to Enhance Physical Activities Such 
as Jogging, in: Pope, N. (Ed.), Digital Sport for Performance Enhancement and Competitive 
Evolution: Intelligent Gaming Technologies. IGI Global, pp. 150–165. 
Mueller, F. “Floyd,” Gibbs, M., Vetere, F., Agamanolis, S., Edge, D., 2014. Designing mediated combat 
play, in: Proceedings of the 8th International Conference on Tangible, Embedded and Embodied 
Interaction - TEI ’14. ACM Press, New York, New York, USA, pp. 149–156. 
doi:10.1145/2540930.2540937 
Mueller, F., Isbister, K., 2014. Movement-based game guidelines. Proc. 32nd Annu. ACM Conf. Hum. 
factors Comput. Syst. - CHI ’14 2191–2200. doi:10.1145/2556288.2557163 
Mueller, F., O’Brien, S., Thorogood, A., 2007. Jogging over a distance, in: CHI ’07 Extended Abstracts on 
Human Factors in Computing Systems - CHI  '07. ACM Press, New York, New York, USA, p. 1989. 
doi:10.1145/1240866.1240937 
Mueller, F., Toprak, C., Graether, E., Walmink, W., Bongers, B., van den Hoven, E., 2012a. Hanging off a 
bar, in: Proceedings of the 2012 ACM Annual Conference Extended Abstracts on Human Factors in 
27 
 
Computing Systems Extended Abstracts - CHI EA ’12. ACM Press, New York, New York, USA, p. 
1055. doi:10.1145/2212776.2212384 
Mueller, F., Vetere, F., Gibbs, M., Edge, D., Agamanolis, S., Sheridan, J., Heer, J., 2012b. Balancing 
exertion experiences, in: Proceedings of the 2012 ACM Annual Conference on Human Factors in 
Computing Systems - CHI ’12. ACM Press, New York, New York, USA, p. 1853. 
doi:10.1145/2207676.2208322 
Mueller, F., Vetere, F., Gibbs, M.R., Edge, D., Agamanolis, S., Sheridan, J.G., 2010. Jogging over a distance 
between Europe and Australia. Proc. 23nd Annu. ACM Symp. User interface Softw. Technol. - UIST 
’10 189. doi:10.1145/1866029.1866062 
Nenonen, V., Lindblad, A., Häkkinen, V., Laitinen, T., Jouhtio, M., Hämäläinen, P., 2007. Using heart rate 
to control an interactive game, in: Proceedings of the SIGCHI Conference on Human Factors in 
Computing Systems - CHI ’07. ACM Press, New York, New York, USA, p. 853. 
doi:10.1145/1240624.1240752 
Noakes, T.D., 2007. The Central Governor Model of Exercise Regulation Applied to the Marathon. Sport. 
Med. 37, 374–377. doi:10.2165/00007256-200737040-00026 
Nunes, M., Nedel, L., Roesler, V., 2014. Motivating people to perform better in exergames: competition 
in virtual environments, in: Proceedings of the 29th Annual ACM Symposium on Applied 
Computing - SAC ’14. ACM Press, New York, New York, USA, pp. 970–975. 
doi:10.1145/2554850.2555009 
O’Donovan, C., Hirsch, E., Holohan, E., McBride, I., McManus, R., Hussey, J., 2012. Energy expended 
playing Xbox KinectTM and WiiTM games: a preliminary study comparing single and multiplayer 
modes. Physiotherapy 98, 224–9. doi:10.1016/j.physio.2012.05.010 
Owens, S.G., Garner, J.C., Loftin, J.M., van Blerk, N., Ermin, K., 2011. Changes in physical activity and 
fitness after 3 months of home Wii FitTM use. J. Strength Cond. Res. 25, 3191–7. 
doi:10.1519/JSC.0b013e3182132d55 
Park, T., Song, J., Hwang, I., Lee, U., Lee, S.I., Yoo, C., Lee, Y., Jang, H., Choe, S.P., Park, S., 2012. ExerLink, 
in: Proceedings of the 10th International Conference on Mobile Systems, Applications, and Services 
- MobiSys ’12. ACM Press, New York, New York, USA, p. 15. doi:10.1145/2307636.2307639 
Payton, J., Powell, E., Nickel, A., Doran, K., Barnes, T., 2011. GameChanger, in: Proceeding of the 1st 
International Workshop on Games and Software Engineering - GAS ’11. ACM Press, New York, New 
York, USA, p. 36. doi:10.1145/1984674.1984688 
Pijnappel, S., Mueller, F., 2013. 4 design themes for skateboarding, in: CHI ’13 Proceedings of the SIGCHI 
Conference on Human Factors in Computing Systems. ACM, pp. 1271–1274. 
doi:10.1145/2466110.2466165 
28 
 
Reeves, S., Benford, S., O’Malley, C., Fraser, M., 2005. Designing the spectator experience, in: 
Proceedings of the SIGCHI Conference on Human Factors in Computing Systems - CHI ’05. ACM 
Press, New York, New York, USA, p. 741. doi:10.1145/1054972.1055074 
Rigby, S., Ryan, R.M., 2011. Glued to Games: How Video Games Draw Us in and Hold Us Spellbound. 
ABC-CLIO. 
Rowland, D., Flintham, M., Oppermann, L., Marshall, J., Chamberlain, A., Koleva, B., Benford, S., Perez, 
C., 2009. Ubikequitous Computing : Designing Interactive Experiences for Cyclists, in: Proceedings 
of Mobile HCI ’09, MobileHCI ’09. ACM. doi:10.1145/1613858.1613886 
Schnädelbach, H., Rennick Egglestone, S., Reeves, S., Benford, S., Walker, B., Wright, M., 2008. 
Performing thrill, in: Proceeding of the Twenty-Sixth Annual CHI Conference on Human Factors in 
Computing Systems - CHI ’08. ACM Press, New York, New York, USA, p. 1167. 
doi:10.1145/1357054.1357238 
Self, D.R., Henry, E.D.V., Findley, C.S., Reilly, E., 2007. Thrill seeking: the type T personality and extreme 
sports. Int. J. Sport Manag. Mark. 2, 175. doi:10.1504/IJSMM.2007.011397 
Sheinin, M., Gutwin, C., 2015. Quantifying Individual Differences , Skill Development , and Fatigue Effects 
in Small-Scale Exertion Interfaces, in: CHI PLAY ’15 Proceedings of the 2015 Annual Symposium on 
Computer-Human Interaction in Play. ACM, pp. 57–66. 
Sheridan, J., Mueller, F., 2010. Fostering kinesthetic literacy through exertion in whole body interaction. 
Whole Body Interact. Work. CHI ’10. 
Sheridan, J.G., Bryan-Kinns, N., Bayliss, A., 2007. Encouraging witting participation and performance in 
digital live art, in: BCS-HCI ’07 Proceedings of the 21st British HCI Group Annual Conference on 
People and Computers. British Computer Society, pp. 13–23. 
Shimada, T., Kuramoto, I., Shibuya, Y., Tsujino, Y., 2007. Keep healthy with fun: an entertainment system 
for keeping the motivation of daily, dull, and monotone exercise, in: Proceedings of the 
International Conference on Advances in Computer Entertainment Technology - ACE ’07. ACM 
Press, New York, New York, USA, p. 280. doi:10.1145/1255047.1255125 
Sinclair, J., Hingston, P., Masek, M., 2007. Considerations for the design of exergames, in: Proceedings of 
the 5th International Conference on Computer Graphics and Interactive Techniques in Australia 
and Southeast Asia - GRAPHITE ’07. ACM Press, New York, New York, USA, p. 289. 
doi:10.1145/1321261.1321313 
Sparks, D.A., Coughlin, L.M., Chase, D.M., 2011. Did too much Wii cause your patient’s injury? J. Fam. 
Pract. 404–409. 
Stanley, K.G., Livingston, I., Bandurka, A., Kapiszka, R., Mandryk, R.L., 2010. PiNiZoRo, in: Proceedings of 
29 
 
the International Academic Conference on the Future of Game Design and Technology - Futureplay 
’10. ACM Press, New York, New York, USA, p. 243. doi:10.1145/1920778.1920817 
Strava, 2009. Strava [WWW Document]. URL http://www.strava.com/about (accessed 1.21.15). 
Suits, B., 1977. Words On Play. J. Philos. Sport 4, 117–131. doi:10.1080/00948705.1977.10654132 
Tholander, J., Johansson, C., 2010. Design qualities for whole body interaction, in: Proceedings of the 6th 
Nordic Conference on Human-Computer Interaction Extending Boundaries - NordiCHI ’10. ACM 
Press, New York, New York, USA, p. 493. doi:10.1145/1868914.1868970 
Velonews.com, 2013. Strava wins dismissal of civil suit over Berkeley death - VeloNews.com [WWW 
Document]. URL http://velonews.competitor.com/2013/06/news/strava-wins-dismissal-of-civil-
suit-over-berkeley-death_289714 (accessed 1.21.15). 
Voida, A., Greenberg, S., 2009. Wii all play, in: Proceedings of the 27th International Conference on 
Human Factors in Computing Systems - CHI 09. ACM Press, New York, New York, USA, p. 1559. 
doi:10.1145/1518701.1518940 
Vossen, D.P., 2004. The nature and classification of games. Avante 10, 53–68. 
Walmink, W., Chatham, A., Mueller, F., 2014. Interaction opportunities around helmet design, in: 
Proceedings of the Extended Abstracts of the 32nd Annual ACM Conference on Human Factors in 
Computing Systems - CHI EA ’14. ACM Press, New York, New York, USA, pp. 367–370. 
doi:10.1145/2559206.2574803 
Walmink, W., Chatham, A., Mueller, F., 2013. Lumahelm, in: CHI ’13 Extended Abstracts on Human 
Factors in Computing Systems on - CHI EA  '13. ACM Press, New York, New York, USA, p. 2847. 
doi:10.1145/2468356.2479542 
Wesołowski, J., 2009. Gamasutra - Beyond Pacing: Games Aren’t Hollywood [WWW Document]. URL 
http://www.gamasutra.com/view/feature/132423/beyond_pacing_games_arent_.php?page=4 
(accessed 1.21.15). 
Whitehead, A., Johnston, H., Nixon, N., Welch, J., 2010. Exergame effectiveness, in: Proceedings of the 
5th ACM SIGGRAPH Symposium on Video Games - Sandbox ’10. ACM Press, New York, New York, 
USA, pp. 55–62. doi:10.1145/1836135.1836144 
Wilson, D., 2012. Designing for the Pleasures of Disputation – or – How to make friends by trying to kick 
them ! 
Wilson, D., 2011. Brutally Unfair Tactics Totally OK Now: On Self-Effacing Games and Unachievements. 
Game Stud. 11. 
World Health Organisation, 2010. Global Recommendations on Physical Activity For Health. World 
Health Organisation. 
30 
 
Wylie, C.G., Coulton, P., 2008. Mobile exergaming, in: Proceedings of the 2008 International Conference 
in Advances on Computer Entertainment Technology - ACE ’08. ACM Press, New York, New York, 
USA, p. 338. doi:10.1145/1501750.1501830 
Yi, B., Cao, X., Fjeld, M., Zhao, S., 2012. Exploring user motivations for eyes-free interaction on mobile 
devices, in: Proceedings of the 2012 ACM Annual Conference on Human Factors in Computing 
Systems - CHI ’12. ACM Press, New York, New York, USA, p. 2789. doi:10.1145/2207676.2208678 
Yim, J., Graham, T.C.N., 2007. Using games to increase exercise motivation, in: Proceedings of the 2007 
Conference on Future Play - Future Play ’07. ACM Press, New York, New York, USA, p. 166. 
doi:10.1145/1328202.1328232 
 
 
